Control of cytochrome oxidase activity. A transient spectroscopy study.
The kinetics of cytochrome oxidase reconstituted into small phospholipid vesicles (COV) has been followed by transient optical spectroscopy under steady-state and pre-steady-state conditions, in the presence and absence of ionophores. The effect of valinomycin on the activity of reconstituted cytochrome oxidase is shown to depend on the absolute concentration of the ionophore and on the number of turnovers elapsed by the enzyme; this novel observation, which escaped previous investigations, may account for important differences in results and therefore in interpretation of the mechanism of control of the enzyme activity as between Brunori et al. (Brunori, M., Sarti, P., Colosimo, A., Antonini, G., Malatesta, F., Jones, M.G., and Wilson, M.T. (1985) EMBO J. 4, 2365-2368), Gregory and Ferguson-Miller (Gregory, L., and Ferguson-Miller, S. (1989) Biochemistry 28, 2655-2662) and Capitanio et al. (Capitanio, N., De Nitto, E., Villani, G., Capitanio, G., and Papa, S. (1990) Biochemistry 29, 2939-2944). Quantitative analysis of the optical spectra acquired within 10 ms over a large wavelength and time range (500-650 nm and 5 ms to 60 s) under different experimental conditions, indicates that the electrical component of the transmembrane electrochemical gradient controls the rate of the internal electron transfer from cytochrome a-CuA to cytochrome a3-CuB as well as the cytochrome c to cytochrome a electron transfer. The slow down of cytochrome oxidase activity observed in the presence of valinomycin after several (greater than 10) turnovers is attributed to alkalinization of the vesicle interior, which affects the internal electron transfer rate. These two mechanisms of control act most likely independently. A "cubic scheme," which illustrates the effect of the electrochemical gradient on two states of cytochrome oxidase characterized by different redox and proton pumping activities is presented and discussed.